Computational calculations at B3LYP/CC-PVDZ level were employed in the study of tautomers of Thioguanine (TG) in the gas phase and selected solvents such as benzene , tetrahydrofuran (THF), methanol, Dimethyl sulfoxide (DMSO) and water using PCM model. All tautomers are optimized at this level. In addition, stability of the tautomers in different solvents shows interesting results. In the gas phase, benzene and THF, TG1 form is more stable than the other forms but in polarisable solvents (methanol, DMSO and water) TG5 is the most stabilized form. Variation of dipole moments and NBO charges on atoms in the solvents were studied.
INTRODUCTION
6-Thioguanine (SG) is a known anticancer agent that is readily incorporated in place of guanine during DNA replication. The incorporation of SG nucleotides into DNA and RNA by polymerases can lead to cell death. The replacement of oxygen by sulfur at the O6 position of guanine has been proposed to hinder hydrogen bonding necessary for normal G-tetrad formation and could lead to changes in telomere stability. Adenine-based purines, such as adenosine and ATP, are ubiquitous molecules that exert several biological roles. In particular, they may act as neurotransmitter/regulatory agents acting via interaction with membrane receptors, belonging to
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the superfamily of P1 and P2 purinoreceptors with high affinity for adenosine and ATP, respectively. However, guanine-based purines can also be considered part of the purinergic system and they are released from neurons and/or glia both under basal conditions and after various types of stimulation, including stress conditions [1] [2] [3] . Thus, although traditionally guaninebased purines have been studied as modulators of intracellular processes, they can exert extracellular effects not related to their direct modulation of G proteins, including modulation of the glutamatergic activity [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] , behavioural effects 14, 15 , and trophic effects on neural cells 16 . Some of the actions of the guanosine may be mediated intracellularly after its uptake, even if many trophic effects of guanine-based purines are not substantially affected by the nucleoside uptake inhibitors indicating that they are independent of intracellular mechanisms 17 . Guanosine also stimulates the release of adeninebased purines from astrocytes, which, in turn, may be responsible for some other effects of guanosine 18 . However, many of the effects of guanine-based purines persist in the presence of P1 and/or P2 purinoreceptor antagonists 17 . In addition, several of the effects of guanosine may be mediated through G protein-dependent signalling pathways involving cyclic nucleotides or MAP kinase pathway 19 , and a specific binding site for guanosine has been detected on membrane preparations from rat brain 20, 21 . Thus, the possibility of the existence of distinct receptors for guaninebased purines has been raised.
Computational methods
All these calculations were carried out on a core i7 personal computer by means of GAUSSIAN09 program package. First, all the compounds structures were drawn using Gauss View 03 and optimized in GAUSSIAN09. The tautomers were also optimized in solvents according to the polarisable continuum method of Tomasi and co-workers, which exploits the generating polyhedra procedure [22] [23] [24] [25] [26] to build the cavity in the polarisable continuum medium, where the solute is accommodated. Atomic charges in all the structures were obtained using the Natural Population Analysis (NPA) method within the Natural Bond Orbital (NBO) approach 27 .
RESULTS AND DISCUSSION

Gas phase
Structures and numbering of Thioguanine are depicted in Figure 1 and the results of energy comparisons of five tautomers in the gas phase and different solvents are given in Table 1 . In the gas phase TG1 form is more stable than the other forms. The most and the least differences between TG1 and the other forms in gas phase are found for OP3 amd OP1 with 7.706 kcal mol -1 and 2.017 kcal mol -1 respectively( Table 2 ). The order of stability of all the tautomers in the gas phase is TG1 > TG3 > TG5> TG4> TG2. The calculated dipole moments for all forms are presented in Table 3 . TG1 tautomer has the smallest dipole moments than the other forms Table 4 . In all phases, N10 atom of TG5 form carries the largest negative charge, in TG5 and TG2 nitrogen atoms at position 2,6 and 9 carry the largest negative charge, all carbons atoms except C9 (in the gas phase) carry the positive charge and will most effectively interact with nucleophiles. And because of its negative charge, C9 (in the gas phase) will interact with electrophiles
Solvent effects
Solvent effects are relevant in tautomers stability phenomena, since polarity differences among tautomers can induce significant changes in their relative energies in solution. PCM/b3lyp calculations were used to analyze the solvent effects on tautomerism of Thioguanine. It is important to stress that the PCM model does not consider the presence of explicit solvent molecules; hence specific solute-solvent interactions are not described and the calculated solutions effects arise only from mutual solute-solvent electrostatic polarization. The data presented in Table 1 show that polar solvents increase the stability of all Thioguanine tautomers in compare to gas phase. The difference between the total energies of Thioguanine and the other forms shows a regular trend when changing from gas phase to more polar solvents (water). In gas phases and benzene and THF solvents, TG1 is more stable than other forms, but in polarisable solvents like methanol, DMSO and water TG5 form is more stable than other forms.
The order of stability of all the tautomers in gas phase is TG1 > TG3 > TG5> TG4> TG2, and for benzene (non-polarisable solvent) and THF the order of stability is TG1 > TG3 > TG5> TG4> TG2, and for polarisable solvents methanol, DMSO and water the order of stability is TG5 > TG1 > TG3> TG4> TG2. Total energy shows a regular trend by changing the gas phase to the solution, polarisable solvents increase tautomeric stability compared with gas phase. Based on Table 3 The dipole moments are increase by changing the gas phase to the solution as well as by increasing the solvent polarity. The highest dipole moment belongs to TG4 in water solvent by 10.4716 D and the biggest difference of dipole moment is for water anad gas phases by 2.9951 D. The least dipole moment amount for all the forms in all phases belongs to TG1 by 1.8761 D. We have examined the charge distribution of tautomers in the solvent as well as gas phase by using calculated NBO charges. The charge distribution in solvents with increase of polarity differently varies for any atoms.
CONCLUSION
1.
In the gas phase, benzene (non-polarisable solvent) and THF, TG1 form is more stable than the other forms but in methanol DMSO and water (polarisable solvents) TG5 is the most stabilized form.
2.
The dipole moments of all compounds are affected by solvent. With increase of the polarity of solvents the dipole moments of all tautomers were increased. With increase of polarity total energy of all compounds were more negative.
3.
The charges on all seven positions were affected by solvents. In addition with increase of dielectric constant a variation was found.
Fig. 1: Tautomeric forms of Thioguanine
